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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the piezoelectric-ceramics constituent which has a compound perovskite structure. 
This constituent General formula :(l-x-y-z) BaTi03-x(Bil / 2Na 1/2) Ti03-yCaTi03-zBa (Znl/3Nb 
2/3) when it expresses by 03 The piezoelectric-ceramics constituent characterized by including Ba, 
Ti, O, Bi, Na, calcium, Zn, and Nb at a rate with which x in said general formula, and y and z are 
satisfied of 0.0< x<=0.900.0<=y<=0.200.0<=z<0.05, respectively. 

[Claim 2] The piezoelectric-ceramics constituent according to claim 1 which contained Mn02 in the 
range of 0.01 % of the weight - 1.0 % of the weight of content. 

[Claim 3] The piezoelectric-ceramics constituent according to claim 2 or 3 which contained the rare 
earth oxide in the range of 0.01 % of the weight - 1 .0 % of the weight of content. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the porcelain constituent for piezoelectric devices 
especially used for the ingredient of a piezo resonator and a radiator, a sensor, an actuator, a buzzer, 
etc. about the piezoelectric-ceramics constituent used for a piezo-electric ceramic component. 
[0002] 

[Description of the Prior Art] As a piezoelectric-ceramics constituent used for piezo-electric ceramic 
components, such as a piezo-electric ceramic radiator, a piezo-electric ceramic filter, a piezo-electric 
buzzer, and a piezo-electric sensor, an actuator, the porcelain constituent which uses titanic-acid lead 
zirconate (PZT) or lead titanate (PT) as a principal component has so far been used widely. 
Moreover, in order to improve these porcelain properties, added various minute amount additives, 
such as Mn, or a part of Pb was permuted by Sr etc., or multiple oxides, such as Pb(Mgl/3Nb 2/3) 
03, permuted, and it has improved to electrostrictive ceramics with a desired piezo-electric property. 

[0003] Moreover, although NbO (Na, K)3 and Bi4Ti3012 grade were known as a ferroelectric in 
which piezoelectric is shown about the piezoelectric-ceramics constituent which does not contain 
lead, sufficient property was not acquired from the point of the practical engine performance, but it 
mainly inquired only as a sensor actuator application of a high temperature service. 
[0004] 

[Problem(s) to be Solved by the Invention] Piezoelectric-ceramics constituents, such as titanic-acid 
lead zirconate which is a current typical piezoelectric-ceramics constituent, contain many Pb(s) made 
into an environment top problem, abandonment processing of this ingredient poses a problem from 
the viewpoint of environmental protection, and implementation of the ingredient which has the 
practical piezo-electric property which does not contain lead is desired as an environmental problem 
takes and is ****( e d). However, the piezoelectric-ceramics constituent with the piezo-electric 
property more than the PZT system ceramics which contains Pb until now, or PT system ceramics is 
not realized. Although it needed to heat on the occasion of adhesion hardening, such as lamination, 
when using it for a common sensor, a common actuator, etc., although the ceramics which uses 
barium titanate as a principal component had been used only for the application restricted 
[ ultrasonic vibrator / run undergarment mold ] especially, it could not heat more than the Curie 
temperature to which a ferroelectricity disappears in a piezoelectric-ceramics constituent, and 
practical use was not presented. 

[0005] This invention is made in order to solve the above technical problems, it does not contain 
lead, but aims at offering the piezoelectric-ceramics constituent which has a practical piezo-electric 
property. 
[0006] 

[Means for Solving the Problem] The piezoelectric-ceramics constituent of this invention is a 
piezoelectric-ceramics constituent which has a compound perovskite structure, and this constituent is 
general formula: (1-x-y-z) BaTi03-x(Bil /2Na 1/2) Ti03-yCaTi03-zBa(Znl/3Nb 2/3) 03... (1) 
When it came out and expresses, x in said general formula, and y and z are 0.0< 
x<=0.900.0<=y<=0.20, respectively. ... (2) 

At a rate with which are satisfied of 0.0<=z<0.05, it is characterized by including Ba, Ti, O, Bi, Na, 
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calcium, Zn, and Nb. 

[0007] Since the lead component is not included, and the problem on an environment is not produced 
and it has a further comparatively large electromechanical coupling coefficient, the above 
piezoelectric-ceramics constituents of this invention can be used suitable for piezo-electric ceramic 
components, such as a piezo-electric ceramic filter, and a piezo-electric ceramic radiator, a piezo- 
electric sensor, an actuator. Moreover, since the above-mentioned piezoelectric-ceramics constituent 
has thermal resistance to the temperature of about 150 degrees C or more, it can produce a 
piezoelectric device using adhesives [ as / whose curing temperature is 150 degrees C ]. the range of 
Above x - being related - x= ~ simple BaTi03 and (Bil / 2Na 1/2) Ti03 which are known as a 
presentation with well-known having removed 0 and 1.0 ~ it is because a piezoelectric-ceramics 
constituent with the thermal resistance with which practical use can be presented is not obtained if 
independent. In addition, although the above-mentioned general formula (1) showed the 
piezoelectric-ceramics constituent of this invention The piezoelectric-ceramics constituent of this 
invention is not restricted to the constituent which comes to contain the each independent phase of 
BaTi03, TiO (Bil / 2Na 1/2)3 and CaTi03, and Ba(Znl/3Nb 2/3) 03. It is the constituent which 
constitutes the perovskite structure with which each atoms Ba, Ti, O, Bi, Na, calcium, Zn, and Nb 
contain at least at a rate with which are satisfied of the above-mentioned range (2), and these atoms 
are indicated to be by AB03, and is formed. 

[0008] As an accessory constituent of a piezoelectric-ceramics constituent, it is desirable to contain 
Mn02 in the range of 0.01 - 1.0 % of the weight of content. It is because especially a mechanical 
quality factor (acutance of the mechanical vibration in resonance frequency) can be raised among 
piezo-electric properties. 

[0009] Moreover, it is desirable as an accessory constituent of a piezoelectric-ceramics constituent to 
contain rare earth oxides, such as Y203, in the range of 0.01 - 1.0 % of the weight of content. It is 
because the rate of aging of capacity can be reduced, so the stability of a piezo-electric property with 
the passage of time can be raised. 

[0010] In addition, since there is a possibility that the property as piezoelectric ceramics may fall 
when more above-mentioned accessory constituents than 1.0 % of the weight are added, each 
addition has 1.0 or less % of the weight desirable although addition of rare earth oxides, such as an 
accessory constituent, Mn02, and Y203, is effective for the further improvement in a piezo-electric 
property. 
[0011] 

[Embodiment of the Invention] Drawing 1 is the sectional view of the actuator 10 which used the 
piezoelectric-ceramics constituent of this invention. An actuator 10 has the electrostrictive ceramics 
1 by which Electrodes 3a and 3b were formed in the front face, and the electrostrictive ceramics 2 by 
which Electrodes 4a and 4b were formed in the front face, and electrostrictive ceramics 1 and 2 is 
formed by each from the piezoelectric-ceramics constituent of this invention. The electrode 3b 
forming face of electrostrictive ceramics 1 and the electrode 4a forming face of electrostrictive 
ceramics 2 fix with adhesives, are united, and form the actuator 10 as a whole. Hereafter, the 
piezoelectric-ceramics constituent of this invention is explained. 

[0012] The piezoelectric-ceramics constituent of this invention has the compound perovskite 
structure shown by AB03 which used BaTi03 as the base, and an empirical formula is general 
formula:(l-x-y-z) BaTi03-x(Bil /2Na 1/2) Ti03-yCaTi03-zBa(Znl/3Nb 2/3) 03... (1) 
it comes out and expresses — having — x in the above-mentioned general formula, and y and z — 
respectively - 0.0< x<=0.90 and 0.0<=y<=0.20 - and - ... (2) 

It is in the range of 0.0<=z<0.05. That is, in the perovskite structure shown by AB03, A site is the 
location which Ba, Bi, Na, and calcium can take, and B site is the location which Ti, Zn, and Nb can 
take. Since the piezoelectric-ceramics constituent of above this inventions does not contain lead, it 
does not have a possibility of producing the problem on an environment. Therefore, it becomes 
possible to manufacture easily the piezo resonator and the charge of radiator material for a sensor 
actuator and radiators. 

[0013] Although the conventional piezoelectric-ceramics constituent which consists of BaTi03 did 
not have sufficient thermal resistance with a comparatively low (127 degrees C) Curie temperature 
whose ingredient is the critical temperature which loses piezoelectric, since TiO (Bil / 2Na 1/2)3 is 
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added to BaTi03, the piezoelectric-ceramics constituent of this invention shown above can raise 
thermal resistance, and has the thermal resistance of about 150 degrees C or more. Even if it follows, 
for example, curing temperature produces a piezoelectric device using the adhesives which are about 
150 degrees C, a piezoelectric-ceramics constituent cannot deteriorate easily. 

[0014] Furthermore, in the piezoelectric-ceramics constituent of this invention, if CaTi03 is added, 
the more stable perovskite crystal structure can be formed, and if Ba(Znl/3Nb 2/3) 03 are added, 
since the dielectric constant of a constituent can be improved, the miniaturization of a piezoelectric 
device can be attained. 

[0015] Since it has a comparatively large electromechanical coupling coefficient (it is the square root 
of the rate of the converted quantity to the mechanical output to the given electrical input, and the 
capacity of electric-machine conversion is shown), the piezoelectric-ceramics constituent of this 
invention shown by the above-mentioned general formula can be used practical as a piezo-electric 
ceramic filter, a piezo-electric ceramic radiator, a piezo-electric sensor actuator, etc. 
[0016] Moreover, if the above-mentioned piezoelectric-ceramics constituent contains 0.01 - 1.0% of 
the weight of Mn02, since it can raise especially a mechanical quality factor among piezo-electric 
properties, the piezo-electric property which was excellent as electrostrictive ceramics for sensors is 
acquired. 

[0017] Moreover, if the above-mentioned piezoelectric-ceramics constituent contains 0.01 - 1.0% of 
the weight of a rare earth oxide, Y203 [ for example, ], since it can reduce the rate of aging of 
capacity, the stability of a piezo-electric property with the passage of time can be raised. 
[0018] 

[Example] Hereafter, although the example of this invention is explained, the piezoelectric-ceramics 
constituent of this invention is not limited to the presentation of each sample shown in the following 
example, and if it is in the presentation range (2) mentioned above, even if it changes the 
presentation variously, it can acquire the same effectiveness. 

[0019] (Example 1) The formation approach of the piezoelectric-ceramics constituent of an example 
1 is explained. First, weighing capacity was carried out so that the electrostrictive ceramics finally 
obtained might serve as a predetermined compounding ratio shown in Table 1, respectively, using 
BaC03, Bi 203, and NaC03, CaC03, Ti02 and MnC03 as a start raw material, and these were 
enough mixed so that it might become homogeneity with a ball mill. Next, temporary quenching was 
carried out at 800-1000 degrees C for 2 hours, the ball mill ground the formed compound again, and 
polyvinyl alcohol was added and corned. 1 shaft press forming of this powder was carried out to the 
disk with a diameter of 13mm by the pressure of 70MPa(s), and it was calcinated at 1000-1200 
degrees C for 2 hours. 

[0020] After grinding this disk sample in thickness of 0.3mm, Ag could be burned at 700 degrees C, 
electrode attachment was performed, 3-5kV [/mm ] electric field were impressed for 30 minutes into 
80-degree C silicone oil after that, polarization processing was performed, and the electrostrictive 
ceramics of sample numbers 1-27 was obtained. 

[0021] Curie point Tc which is the temperature to which is asked for a piezoelectric constant d31, 
and piezoelectric disappears the coupling coefficient kp, the coupling coefficient kt in thickness 
longitudinal-oscillation mode, and mechanical quality factor QM **** in specific-inductive-capacity 
epsilonr, tandelta, and the direction breadth mode of the diameter of a disk from the temperature 
change of a dielectric constant about the electrostrictive ceramics of these sample numbers 1-27 was 
measured from temperature with the maximal value of a dielectric constant. Each measurement 
result is shown in Table 1 and 2. However, the value of () writing shows the transformation point to 
AF (antiferroelectricity) phase in the column which shows Curie point Tc. Since piezoelectric 
disappears in this transformation point, it becomes a heat-resistant standard like Curie point Tc. 
[0022] In addition, for a comparison, the sample (example 1 of a comparison) of the pure barium 
titanate used for the conventional piezoelectric-ceramics constituent and the measurement result of 
pure titanic-acid bismuth sodium (the example 2 of a comparison and example 3 of a comparison) 
are also doubled, and it is shown in Table 1 and 2. 
[0023] 
[Table 1] 
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y 


MnO a 
(wt%) 
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1.00 


0.00 


0.00 


0.0 
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0.90 


0.10 


0.00 


0.0 


2 


0.80 


0.20 


0.00 
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0.0 


9 


0.07 


0.93 


0.00 


0.0 


10 


0.05 


0.95 


0.00 


0.0 


Jttttt2 


0.00 


1.00 


0.00 


0.0 


11 


0.50 


0.50 


0.00 


0.5 


12 


0.40 


0.60 


0.00 


0.5 


13 


0.30 


0.70 


0.00 


0.5 


14 


0.20 


0.80 


0.00 


0.5 


15 


0.15 


0.85 


0.00 


0.5 


16 


0.10 


0.90 


0.00 


0.5 


17 


0.07 


0.93 


0.00 


0.5 


18 


0.06 


0.94 


0.00 


0.5 | 


19 


0.05 


0.95 


0.00 


0.5 


20 


0.05 


0.90 


0.05 


0.5 I 


Jt«#J3 


0.00 


1.00 


0.00 


0.5 


21 


0.95 


0.00 


0.05 


0.0 


22 


0.90 


0.05 


0.06 


0.0 


23 


0.85 ! 


0.10 


0.05 


0.0 


24 


0.80 


0.10 


0.10 


0.0 


25 


0.70 


0.10 


0.20 


0.0 


26 


0.70 


0.20 


0.10 


0.0 


27 


0.60 


0.20 
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[Table 2] 
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[0024] Table 1 and 2 — sample numbers 1-8 and 1 1- the Curie point used as a heat-resistant standard 
or the transformation point to AF phase is 150 degrees C or more, and the electrostrictive ceramics 
of 16, 20, and 22-27 is understood that an electromechanical coupling coefficient kp and kt are large 
enough. On the other hand, it turns out are [ 9 and 10 ] sample numbers and that it reached 17-19 
and, as for the electrostrictive ceramics of 21, the Curie point or the transformation point to AF 
phase is less than 150 degrees C. These piezoelectric-ceramics constituents do not have enough 
thermal resistance like [ piezoelectric disappears in the temperature of 150 degrees C or less, and ] 
the sample (example 1 of a comparison) of the pure barium titanate which is a well-known example. 
[0025] as mentioned above, the sample numbers 1-8 which were formed in BaTi03 by dissolving in 
TiO (Bil / 2Na 1/2)3 and CaTi03 and which do not contain lead at all and 1 1- it turns out that the 
electrostrictive ceramics of 16, 20, and 22-27 has thermal resistance and a sufficient 
electromechanical coupling coefficient kp, and sufficient kt. therefore, the sample numbers 1-8 of 
this example and 11- like the electrostrictive ceramics of 16, 20, and 22-27, since it has thermal 
resistance and a sufficient electromechanical coupling coefficient kp, and sufficient kt, x and y of the 
above-mentioned empirical formula (1) can use 0.0< x<=0.90 and the piezoelectric-ceramics 
constituent of the range of 0.0<=y<=0.20 suitable for various piezoelectric devices, respectively. 
Moreover, it can use suitably as a piezoelectric-ceramics constituent for sensor actuators with which 
Mn02 was added among the above-mentioned samples and with which an ingredient especially with 
the large mechanical quality factor QM is desired since a mechanical quality factor QM rises as it 
reaches sample-number 11-15 and the electrostrictive ceramics of 20 is shown in Table 1 and 2. 
[0026] (Example 2) The formation approach of the piezoelectric-ceramics constituent of an example 
2 is explained. First, weighing capacity was carried out so that it might become the predetermined 
compounding ratio shown in Table 3, respectively, using BaC03, Bi 203, NaC03, CaCQ3, Ti02, 
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ZnO and Nb 205, and MnC03 as a start raw material, and these were enough mixed so that it might 
become homogeneity with a ball mill. Next, temporary quenching was carried out at 800-1000 
degrees C for 2 hours, the ball mill ground the formed compound again, and polyvinyl alcohol was 
added and corned. 1 shaft press forming of this powder was carried out to the disk with a diameter of 
13mm by the pressure of 70MPa(s), and it was calcinated at 1200-1400 degrees C for 2 hours. After 
grinding this disk sample in thickness of 03mm, Ag could be burned at 700 degrees C, electrode 
attachment was performed, 3-5kV [/mm ] electric field were impressed for 30 minutes into 80- 
degree C silicone oil after that, polarization processing was performed, and the electrostrictive 
ceramics of sample numbers 28-38 was obtained. 

[0027] A piezoelectric constant d31 and Curie point Tc were measured for the coupling coefficient 
kp, the coupling coefficient kt in thickness longitudinal-oscillation mode, and mechanical quality 
factor QM **** in specific-inductive-capacity epsilonr, tandelta, and the direction breadth mode of 
the diameter of a disk like [ electrostrictive ceramics / of these sample numbers 28-38 ] the above- 
mentioned example 1 . Each measurement result is shown in Table 3 and 4. 



[0028] 
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0. 025 


0. 195 


0. 428 


83 


2. 42 


238 


32 


836 


0. 023 


0. 198 


0. 435 


87 


2. 44 


244 


33 


634 


0.013 


0. 126 


0. 442 


376 


1.82 


245 


34 


2414 


0. 024 


0. 165 


0. 238 


189 


4.6 


102 


35 


1579 


0. 103 ! 


0. 182 


0. 279 


136 


3.6 


116 


36 


461 


0. 023 


0. 216 


0. 382 


120 


2. 28 


155 


37 


436 


0. 024 


0. 207 


0. 321 


132 


2.03 


166 


38 


1075 


0.033 


0. 188 


0.329 


134 


3. 27 


123 



[0029] From Table 3 and 4, the Curie point is 150 degrees C or more, and sample numbers 29-33 
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and the electrostrictive ceramics of 36 and 37 are understood that thermal resistance is good and 
comparatively larger than the electrostrictive ceramics of sample numbers 28, 34, and 38. 
[ electromechanical coupling coefficients kp and kt ] Like the electrostrictive ceramics of a sample 
number 38, when the amount z of Ba(Znl/3Nb 2/3) 03 is 0.05wt(s)%, since the Curie point falls too 
much, it is unsuitable. 

[0030] As mentioned above, it turns out that the sample numbers 29-33 which were formed in 
BaTi03 by dissolving in TiO (Bil / 2Na 1/2)3, CaTi03, and Ba(Znl/3Nb 2/3) 03 and which do not 
contain lead at all, and the electrostrictive ceramics of 36 and 37 have thermal resistance and a 
sufficient electromechanical coupling coefficient kp, and sufficient kt. Therefore, like the sample 
numbers 29-33 of this example 2, and the electrostrictive ceramics of 36 and 37, since it has thermal 
resistance and a sufficient electromechanical coupling coefficient kp, and sufficient kt, x of the 
above-mentioned empirical formula (1), and y and z can use the piezoelectric-ceramics constituent of 
the range of 0.0< x<=0.90, 0.0<=y<=0.20, and 0.0<=z<0.05 suitable for various piezoelectric 
devices. 

[0031] Mn02 among the above-mentioned samples ~ 1.0wt(s)% — since a mechanical quality factor 
QM rises as shown in Table 3 and 4, the electrostrictive ceramics of the added sample number 33 
can be suitably used as a piezoelectric-ceramics constituent for sensor actuators with which an 
ingredient especially with the large mechanical quality factor QM is desired. [ moreover, ] 
[0032] (Example 3) The formation approach of the piezoelectric-ceramics constituent of an example 
3 is explained. First, weighing capacity was carried out so that the electrostrictive ceramics finally 
obtained, using BaC03, Bi 203, NaC03, CaC03, Ti02 and MnC03, Y203, Dy203, Ho203, and 
Yb203 as a start raw material might serve as a predetermined compounding ratio shown in Table 5, 
and these were enough mixed so that it might become homogeneity with a ball mill. Next, temporary 
quenching was carried out at 800-1000 degrees C for 2 hours, the ball mill ground the formed 
compound again, and polyvinyl alcohol was added and corned. 1 shaft press forming of this powder 
was carried out to the disk with a diameter of 13mm by the pressure of 70MPa(s), and it was 
calcinated at 1200-1400 degrees C for 2 hours. 

[0033] After grinding this disk sample in thickness of 0.3mm, Ag could be burned at 700 degrees C, 
electrode attachment was performed, 3-5kV [/mm ] electric field were impressed for 30 minutes into 
80-degree C silicone oil after that, polarization processing was performed, and the electrostrictive 
ceramics of sample numbers 39-45 was obtained. 

[0034] About the electrostrictive ceramics of these sample numbers 39-45, like the example 1, it 
asked for the coupling coefficient kp, the coupling coefficient kt in thickness longitudinal-oscillation 
mode, and mechanical quality factor QM in specific-inductive-capacity epsilonr, tandelta, and the 
direction breadth mode of the diameter of a disk, and asked for the capacity rate of change of 1000 
hours after further. Each measurement result is shown in Table 5 and 6. 
[0035] 





BaTi0 3 
l-x-y-z 


(Bi 1/2 Na 1/2 )Ti0 3 

X 


CaTiOg 
Y 


Mn0 2 
(wtK) 




mm 


(vt%) 


39 


0. 10 


0. 85 


0. 05 


0. 50 




0.0 


40 


0. 10 | 


0. 85 


0. 05 


0. 50 


VA 


0.5 


41 


0. 10 


0. 85 


0.05 


0. 50 




1.0 


42 


0. 10 


0. 85 


0.05 


0. 50 


Y 8°? 


1.5 


43 


0. 10 


0. 85 


0. 05 


0. 50 


DyA 


0.5 


44 


0. 10 


0. 85 


0.05 ! 


0. 50 


Ho 2 0 3 


0.5 


45 ! 


0. 10 


0. 85 


0. 05 


0.50 


YV> 3 


0.5 



[Table 6] 



http://www4jpdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 6/1 9/2006 



JP,2002- 160967, A [DETAILED DESCRIPTION] 



Page 8 of 8 





r 


tan 5 








J U U U II ■0t V J -?> ffl> 


39 


617 


0. 012 


0. 143 


0 44 fi 


VIA 


_n oft 
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634 
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0. 142 


O 4?^ 
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41 
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-A 4ft 


42 


654 


0.045 


0. 050 


0. 165 


40 


-0.58 


43 


627 


0.012 


0. 138 


0. 433 


425 


-0. 50 


44 


627 


0. 012 


0.139 


0. 436 


415 


-0. 53 


45 


624 


0.012 


0. 140 


0. 436 


410 


-0.50 



[0036] In Table 5 and 6, when a rare earth oxide is added like the electrostrictive ceramics of sample 
numbers 40-45 by comparing the capacity rate of change 1000 hours after setting to the 
electrostrictive ceramics of sample numbers 40-45 and a sample number 39, it turns out that the rate 
of aging of capacity falls. However, even if the rare earth oxide is added, it turns out that coupling 
coefficients kp and kt and a mechanical quality factor QM fall that an addition is 1.5wt(s)% like the 
electrostrictive ceramics of a sample number 42. Since the addition of a rare earth oxide is less than 
[ 1.0wt% ], sample numbers 40 and 41 and the electrostrictive ceramics of 43-45 do not reduce the 
mechanical quality factor QM which improved by addition of Mn02. In addition, although not 
shown especially in the table 6, each of sample numbers 39-41 and electrostrictive ceramics of 43-45 
had the Curie point 150 degrees C or more. 

[0037] As a piezoelectric material for sensors, a mechanical quality factor QM is large, and although 
a stable ingredient may be desired to aging, if the piezoelectric-ceramics ingredient with which the 
rare earth oxide not more than 1.0wt% was added is used like the sample numbers 40 and 41 of this 
example 3, and the electrostrictive ceramics of 43-45 in addition to 0.5wt% Mn02, a practical sensor 
actuator can be obtained especially. 
[0038] 

[Effect of the Invention] Since the piezoelectric-ceramics constituent of this invention has a 
comparatively large electromechanical coupling coefficient excluding the lead made into the 
environment top problem and thermal resistance's is good as mentioned above, it can be used useful, 
for example as an ingredient for piezoelectric devices, such as a sensor actuator, a piezo-electric 
radiator, and a filter. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the actuator using the piezoelectric-ceramics constituent of this 
invention. 

[Description of Notations] 
1 Two Electrostrictive ceramics 
3a, 3b, 4a, 4b Electrode 
10 Actuator 
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3.45 


183 


24 


512 


0.021 


0.205 


0.343 j 


132 


3.24 


181 


25 


455 


0.023 


0.205 


0.351 


149 


2.2 


157 


26 


442 


0.025 


0.188 


0.357 I 


137 


1.69 


165 


27 


406 


0.025 


0.171 


0.366 


130 


1.6 


167 



[002 4] §ut5*xm2&!>* i 

1-16, 2 0io£ZS2 2-2 7CDEE«-t^5'y^7. 

1 5 o °c uLbvsb k> , mmmm^ufsk w , * k , 

tf+ft±Z^Cttf&frZ><, t#Wt9, 1 0, 

1 7-1 9*5<fctf2 lCOfffl-fev^y^Xte, 

A Fffl'\0gaSO£# 1 5 0t^Tli]cTV>5iI 

tws. cnsoEmaaaastttt, isoicjmt 

OiSfifcfc^TffflffitfjfifcLT LSV\ iMOfteOT* 
>II^U fi»©H» (JtK09 1 ) i:|S|«lc 

[0 0 2 5] W±cO<j;3tC, B a T i CMC (B i i/j N 
am )T i CL&tfC a T i 0i*a»UT®jS«nfe, 
»**<tift^Hflif 1-8, 11-16, 20*3 

<tt>*2 2-2 7^1*757^x1^ -f^mmms 

fi^T, *H«fl«OHS»^l~8, 11-16, 2 0 
*5<kd : 2 2-2 7©E«-b^5 <y^XOJ;31C, ±12® 
J«S (1) OxMyA^fno. 0<xS0. 9 
0, 0. 0<y<0. 2 0<OS5ffl£OES«g§ffljjgMi, 



30 #1 1-1 5fc,£tf2 0<DJE«-tr75^Xti, life 

<tt>*^ 2 testis «fc 5 ^«Wp n n «^Q. 

[00 2 6] (HJS^J 2 ) HSgCT 2 cOE«{K§§ffl^tl<0 
B&Jj&ttmWtZo aifgJI^tLTB a C 

03, Bi 2 0 3 , NaCCh, CaC0 3 , T i O2, Zn 
0, NbzOsRtfMnCCh^fflVvc, g3tc^n^*l 

40 -;i/5;i/-pi9-k:ft««t5e+»fi^Lfco 8 0 

0-1 0 0 0 < CT'2Bt^(S^L, J&jg£tlfc{b^*ff 

3fiSLfCo C(D3^^7 0MP a<DE73T'ifiSl 3mm 
©P3S1C— m-fl^xmBL. 1 2 0 0- 1 4 0 0tT'2 
nSHU&SLfco COR«ilSS*0. 3mmOff^{cWg 
L/cil, A g*7 0 0T-ejfttW7T*ffiW7*fTV\ 
8 0 °C<Di/ U 3 ^Jtt ^{CjSI/^T 3 - 5 K V/mm 

8-38 Off *-b 757^ X^rilfco 
50 [0 0 2 7] Ct\£>(DUUms§2 8-3 8 0El-b7 5 



(6) <&M2 0 0 2- 1 60 96 7 

9 10 

r, tanfi, R1£g;^j£tf 9*-K£D*S£l£&k P , JP [0 0 2 8] 

ftlBHftt-KOttAffftk., ©SWo d pH^Q.RD* [S3] 



#^ 


BaTi0 3 

1— X - y~z 


(Hi ^Na }*nn 
x 


T 


D g (7r\ MK N n 

z 


Mnu 2 


28 


0. 98 


0. 00 


0. 00 


0. 02 


0.0 


29 


0.84 


0. 10 


0. 05 


0.01 


0.0 


30 


0. 49 


0. 50 


0. 00 


0.01 


0.0 


31 


0.14 


0. 80 


0. 05 


0.01 


0.0 


32 


0. 14 


0. 85 


0. 00 


0. 01 


0.0 


33 


0. 14 


0.85 


0. 00 


0. 01 


1.0 


34 


0. 93 


0. 00 


0. 05 


0. 02 


0.0 


35 


0. 78 


0. 00 


0. 20 


0. 02 


0,0 


36 


0. 73 


0. 15 : 


0. 10 


0.02 


0.0 


37 


0.78 


0. 20 


0. 00 


0.02 


0.0 


38 


0. 60 


0. 20 


0. 15 


0. 05 


0.0 



#^ 


€ r 


tan 5 




k, 




(E-ll m/V) 


T c 
CC) 


28 


2700 


0. 025 










96 


29 


468 


0. 023 


0.176 


0. 346 


117 


2.14 


150 


30 


453 


0. 024 


0. 163 


0. 353 


89 


1.58 


223 


31 


793 


0. 025 


0. 195 


0. 428 


83 


2. 42 


238 


32 


836 


0. 023 


0. 198 


0. 435 


87 


2. 44 


244 


33 


634 


0.013 


0. 126 


0. 442 


376 


1.82 


245 


34 


2414 


0. 024 


0. 165 


0. 238 


169 


4.6 


102 


35 


1579 


0. 103 


0. 182 


0.279 


136 


3.6 


116 


36 


461 


0. 023 


0. 216 


0. 382 


120 


2.28 


155 


37 


436 


0.024 


0. 207 


0. 321 


132 


2. 03 


166 


38 


1075 


0.033 


0. 188 


0.329 


134 


3. 27 


123 



[0 0 2 9] g3*5J:t)F^4 9-3 40 

3, 3 613£V3 7©E«-tT7 5y*Xtt, * a 'J-j& 
#1 5 0°CVL±T'&K>. W8S*t2 8, 3 4*5j;tf3 8 

So H8#^3 8©Ett-t7 5>y^X©«t^lC, Ba 
(Zm/3 Nbw )03<DMz^0. 0 5 w t %<D^\C 
tic, +a'J-iSi!) t Ttft)tf5ftWIfS5. 
[0 0 3 0] U±(D£olC, B a T i Os(C(B i 1/2 N 
am )TiO,, C a T i OsSlfB a(Zn,/i Nbw ) 



2 9-3 3, 36fc«fctf3 7©E*-fc55v*;*tt» + 

»«:iB»tt43 <t vnmmmGmk. k „ * k , c 

ftoT. *HSS0J2(D!SW§2 9~3 
3, 3 6*5^^3 7«DE«-b7=-y^X<DJ;9lC. ±12 
fflj&iK ( 1 ) CD x , yfcit/ztf, 0. 0<x^0. 9 
0, 0. OSy^O. 20Rr>*0. 0^z<0. 05© 

[003 1] $fc, ±M<DUn(Oo^>. MnOitfl. 
0 w t %3tta $ tlfttsmS^ 3 3 <DE.n-t 757^7 



11 



s,nm. 



[00 3 2] (HfiiSWI 3 ) HlfigflJ 3 ©ESatlffl^tl^ 

0 3 , B UOj, NaCOa, C aCOa, T i On Mn 
C0 3 , Y2O3, Dya03, HoiOjRtfYt^Oj^ffl 

£<DBS£tt fc * <fc 3 K¥F« U eft 5*#-rt/ = ;1/T* 
J; 5 Lfc„ 800-100 

0 °CT? 2 RNHEjRU »J«£nfc{fc£tti*??tf = 

C 7 0 M P a ©EfrT'Sg 1 3 mm<DP3«tC— 

MyUXjfflgU 1 2 00-1 4 0 0°C-g2^^L* 



(7) tlii 2 0 0 2 - 1 6 0 9 6 7 

12 

[00 3 3] COFI«tCB*0. 3mm<DJPSK0F*L 
<D'& 8 0 °C<Di/V 3 y^'t'ttSV^T 3 - 5 K V/mmO 

[0 0 3 4] cn&©ISftS#3 9~4 5©ffittfe75 

>y*xco<,>T, nsfifiji tmmic, ttmnmer, tan 
1 ooo«fiaa<os«s{b***4&fc. *8b®b 

JI%^5feJ:tfg6Ka?-ro 
[0 0 3 5] 
[«5] 





BaTi0 s 
1-x-y-z 


<Bi 1/2 Na 1/2 )Ti0 3 

X 


CaTi0 3 

y 


Mn0 2 
(wt%) 




mm 


(vrt%) 


39 


0. 10 


0. 85 


0.05 


0. 50 




0.0 


40 


0. 10 


0,85 


0. 05 


0. 50 


Y 2 0 3 


0.5 


41 


0. 10 


0. 85 


0. 05 


0. 50 




1.0 


42 


0. 10 


0. 85 


0. 05 


0, 50 


Y a 0, 


1.5 


43 


0. 10 


0. 85 


0. 05 


0. 50 


Dy 2 0 a 


0.5 


44 


0. 10 


0. 85 


0. 05 


0. 50 


HoA 


0.5 


45 


0. 10 


0. 85 


0. 05 


0.50 


toft 


0.5 



[316] 





£ r 


tan 5 


k P 


k t 


Qm 


lOOOh^O^fi 


39 


617 


0.012 


0. 143 


0. 446 


398 


-0. 98 


40 


634 


0.012 


0. 142 


O. 435 


427 


-0. 53 


41 


637 


0.015 


0. 126 


0. 436 


404 


-0. 48 


42 


654 


0.O45 


0. 050 


0. 165 


40 


-0.58 


43 


627 


0.012 


0. 138 


0. 433 


425 


-0.50 


44 


627 


0. 012 


0.139 


0. 436 


415 


-0. 53 


45 


624 


0. 012 


0. 140 


0. 436 


410 


-0.50 



[003 6] £.51S£TSm6lCt5^T. sm§*§4 0~ 40 
4 5tUnm^3 9<DE«-fe7 5<y*XKH3l^T 1 0 0 

4 0, 4 lfcj:tf4 3-4 5<DE«-fe7=-y*X«, * 
±3^^ffc?^<O^AnfR^ 1 . 0w t %J-MTT*fe^<DT% M 50 



n Oz (Di&Mc <fc o T|S]±?ftfc«g«^p a nH^Q. fcffi 

ift#*f 3 9~ 4 ! 33j;{/4 3-4 5<9EE«-tr^ y^T. 
fil^fftfc 1 5 0XW±O*aU--jft*&LTV\fe. 
[0 0 3 7] -tr>t>-fflE*tt^i:LT«, H«&<)« a n fi& 

a*n*«^s**«, *nsg^3(Dis^s^4 0, 4 

1 ^3<J:tf4 3-4 5<DES-fe7S-y^XO.j:^lC, 0. 
5w t %£DMn0 2 tCl)nK.T. 1. Ow t%lXT<D%± 

mtikto&minztiitEwnmt'&zm^&t. men 



(8) 



13 

[0 0 3 8] 



2002-160967 
14 

1, 2 Itt7 = -^X 
3a, 3b, 4a, 4b W.M 
1 0 7^faX-^ 



[Hi] 



10 



>\\\\\\\\*\*%\«VX\%\V\»\\\\\\\\\\VV\\\\\\\\\\\.x\\«-v W x^xWV 



<-3a 
-3b 



